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Description 

The present invention relates to a method of 
forming an image with the use of a laser beam and, 
more particularly, to a method for heat-sensitive 
recording wherein a laser beam is utilized as a 
source of heat energy provided at selected regions 
of a light-absorbing layer and a binder encap- 
sulated in frangible microcapsules. 

A heat-sensitive recording system is well 
known in which a thermal head is brought into 
close proximity to the surface of a heat-sensitive 
recording material comprising a heat-sensitive 
coloring layer as provided on a support and 
scanned thereover so as to transfer the heat en- 
ergy of the thermal head to the heat-sensitive 
coloring layer directly, or indirectly through an in- 
tervening protective layer thereby, so as to record 
or form a colored image on the heat-sensitive re- 
cording material. For instance, this technology has 
application to facsimiles or printers. However, in 
such a heat-sensitive recording process where a 
thermal head is close to a heat-sensitive recording 
material and is scanned thereover, various prob- 
lems often are encountered in that a faithful image 
can not be recorded, or the thermal head is broken 
since the thermal head is abraded and worn, or the 
constituents of the heat-sensitive recording material 
adheres to the surface of the thermal head. Addi- 
tionally, in the above heat-sensitive recording sys- 
tem using a thermal head, high-speed control in 
heating and cooling the heating element or eleva- 
tion of the heating element density is limited be- 
cause of the structural characteristic of the thermal 
head itself. Therefore, realization of high-speed re- 
cording or high-density and high-quality recording 
is often difficult in the heat-sensitive recording sys- 
tem. 

On the other hand, in order to overcome the 
above-mentioned problems in a heat-sensitive re- 
cording system using a thermal head, employment 
of a laser beam to effect high-speed and high- 
density heat-recording without the need for contact 
between the energy source and the heat-sensitive 
recording material has been proposed. 

One of the proposed techniques is to directly 
irradiate a heat-sensitive coloring layer with a laser 
beam to form an image thereon. In general, since 
the heat-sensitive coloring layer could hardly ab- 
sorb visible rays and infrared rays, the technical 
matters relating to how the laser could be absorbed 
efficiently by the heat-sensitive coloring layer and 
to how the absorbed heat energy could be utilized 
efficiently in the coloring reaction are important 
themes addressed in the technical development of 
the image-forming process technology. For in- 
stance, various techniques concerning the image- 
forming process have been described in JP-A-50- 



23617, JP-A-54-121140, JP-A-57-1 1090, JP-A-58- 
56890, JP-A-58-94494, JP-A-58- 134791 (corre- 
sponding to U.S. Patent 4,510,512), JP-A-58- 
145493 (corresponding to U.S. Patent 4,510,512), 

5 JP-A-59-89192 (corresponding to U.S. Patent 
4,529,992), JP-A-60-205182 and JP-A-62-56195 
and WO- 860731 2A. (The term "JP-A" as used 
herein means an unexamined published Japanese 
patent application.) However, in carrying out these 

10 illustrated proposals, heat energy necessary for 
coloration could be obtained only where the output 
power of the laser is relatively high in magnitude. 
As a result, it was extremely difficult to prepare a 
compact and inexpensive apparatus for carrying 

75 out the proposed methods. In addition, since the 
laser ray-absorbing substance to be contained in 
the heat-sensitive coloring layer is colored in accor- 
dance with the illustrated proposals, there is still 
another problem that the image to be recorded is a 

20 low-contrast and low-quality one. In general, most 
light-absorbing substances are inorganic com- 
pounds. However, almost all of them have light- 
absorbing efficiency. On the other hand, organic 
compounds which have a high light-absorbing effi- 

25 ciency and which have softer colors have not yet 
been devised. 

On the other hand, as still another proposal for 
overcoming the above-mentioned problems in the 
prior art heat sensitive recording system methods, 

30 WO-8804237-A has proposed a means of separat- 
ing a laser ray-absorbing layer from an image- 
forming layer. In accordance with this proposal, 
carbon black, which is recognized to have a good 
laser ray-absorbing efficiency, is employed where- 

35 by the efficiency of absorbing the laser ray is 
elevated, and the irradiated carbon black is trans- 
ferred onto the synthetic polymer film as fused 
because of the generated heat. That is, carbon 
black serves as both the light-absorbing substance 

40 and the image-forming substance in this method. 
However, this has the disadvantage that a large 
amount of heat energy is required for fusing the 
synthetic polymer film, and, therefore, a low-power 
laser is ineffective in practicing this method. 

45 US-A-4621040 discloses a method of image- 

forming by image wise irradiating with a laser a 
recording material having (a) layer of microcaps- 
ules, inert to the laser, containing an ink (solution 
or suspension of a pigment or dye), and (b) a 

50 laser-absorbtive barrier layer which prevents migra- 
tion of the ink, superposing an image-receiving 
layer and rupturing the microcapsules, e.g. by 
pressure rollers, so that the ink in the exposed 
areas diffuses through the barrier layer, which has 

55 been rendered permeable where irradiated, onto 
the receiving layer. 

JP-A-62-240586 disclosed a method using a 
material having a mixture of microcapsules contain- 



3 



EP 0 420 674 B1 



4 



ing colorants, irradiating with laser beams of dif- 
ferent wavelengths, so that the colorants are used 
to form latent images, and rupturing the capsules 
by pressure to discharge from the uncured micro- 
capsules leuco dyes which react with couplers in a 
receiving sheet to form colored images. 

DE-A-3710183 ( = EP-0338025) describes the 
use of a laser device for transfer printing, using an 
ink ribbon having, on a carrier film transparent to 
the laser, microcapsules which are broken by the 
laser and contain printing inks; by pressure means 
the inks are transferred imagewise to a paper im- 
age receptor. The inks may be absorbent of se- 
lected laser radiation. 

As mentioned above, various high-speed and 
high-density heat-sensitive recording materials 
which may be heat-recorded by use of a laser 
beam without the need for contact between the 
material to be recorded and the energy source 
have heretofore been proposed. However, an im- 
age-recording system capable of being effected by 
the use of a low-power laser has not been devised. 

The object of the present invention is to over- 
come the aforesaid problems and to provide an 
image-forming method in which an image having a 
rich gradation, reproducibility and a high contrast 
can be formed by a high-speed and high-density 
recording system using a low-power laser. 

The important factor for constructing a heat- 
sensitive recording system involving conversion of 
the light energy generated by a laser beam source 
into heat energy, and utilizing the thus converted 
light-to-heat energy comprises selection of a suit- 
able light-absorbing substance, selection of the 
suitable means of utilizing the heat energy and 
suitable stabilization of the image as recorded. 

However, in the prior art technique as illus- 
trated in the above-mentioned WO-8804237-A, the 
heat energy required to stably transfer the image is 
inordinately high, and this is inconsistent with the 
object of the present invention, i.e., providing low- 
power laser usage, and a solution of the problem of 
high power laser demands is the most important 
aspect of development of this technology. 

The present invention is based on the discov- 
ery that stabilization of an image as transferred 
onto a paper support or synthetic polymer film 
(image-receiving sheet) can be attained fully by 
simultaneous transfer of both a light-absorbing sub- 
stance as an image-forming substance and a bind- 
er for fixing the light-absorbing substance on the 
image-receiving sheet; and the light-absorbing sub- 
stance and the image-forming substance are most 
preferably the same compound, for effective utiliza- 
tion of the heat energy. 

According to the present invention we provide 
a method of forming an image comprising: irradiat- 
ing a heat-sensitive recording material with a laser 



beam, wherein said heat-sensitive recording ma- 
terial includes a support having provided thereon a 
light-absorbing layer containing microcapsules 
which encapsulate a core substance containing at 
5 least a light-absorbing substance and a binder ca- 
pable of fixing the light-absorbing substance on an 
image receiving film, so that the irradiated micro- 
capsules are selectively heated by the laser to 
above their glass transition point and are rendered 

io more easily broken under pressure; and transfer- 
ring a latent image thus formed on the light-absorb- 
ing layer, in accordance with a pattern and amount 
of laser beam irradiation, to the image-receiving 
film under pressure thereby to obtain on said im- 

75 age-receiving film a visible image formed of or by 
the light-absorbing substance and the binder. 

To make the recording material, a light-absorb- 
ing substance and a binder are first formed into a 
liquid blend having a high viscosity and thereafter 

20 encapsulated into microcapsules, and the micro- 
capsules are then selectively heated by laser irra- 
diation, and the thus heated microcapsules are 
passed through pressure rollers to rupture their 
walls to thereby fix the light-absorbing substance 

25 and the binder onto the adjacent image-receiving 
sheet. (While the previous coating of the binder on 
the image-receiving sheet for the purpose of fixing 
the light-absorbing substance on the image-receiv- 
ing sheet could be considered as an alternative 

30 method, this, however, would require a superfluous 
heat energy for melting the binder and would be 
inconsistent with the energy-efficiency aspect of 
the invention.) 

In the image-forming method of the present 

35 invention, the transferring efficiency is higher when 
the time period running from the laser irradiation to 
image transference under pressure is shortened. 
The most preferred embodiment of the present 
invention is to irradiate the light-absorbing sheet 

40 with a laser while the sheet is placed against an 
image-receiving sheet previously applied under 
pressure. In this embodiment, the image-receiving 
sheet is a transparent synthetic polymer film and 
the laser irradiation is preferably applied through 

45 the image-receiving sheet. 

The support, which is to be coated with a laser 
ray-absorbing layer to form a light-absorbing sheet 
for use in the invention, may be either a paper 
support sheet or a synthetic polymer support, or a 

so laminate composed of such paper and synthetic 
polymer support. 

The kind of carbon black preferably incorpo- 
rated into the light-absorbing layer is not specifi- 
cally limited; for instance, any of furnace black, 

55 channel black and thermal black can be used. 

The carbon black preferably has a mean grain 
size of 10~ 7 m (100 millimicrons) or less. 
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Alternatively, conventional light-absorbing sub- 
stances can be also used as the light-absorbing 
substance in suitable combinations, to increase the 
absorption of the laser beam, such as copper sul- 
fate as described in JP-A-58-94495, cyanine dyes 
as described in JP-A-58-94494, ben- 
zenedithiol/nickel complexes as described in JP-A- 
57-11090, benzenethiol/nickel complexes as de- 
scribed in JP-A-54-121140, inorganic metal salts as 
described in JP-A-58-1 45493 (corresponding to 
U.S Patent 4,510,512), other known metal oxides, 
hydroxides, silicates, sulfates, carbonates, nitrates, 
complex compounds, cyanines, polyenes, as well 
as colored dyes and pigments used in the paper, 
textile and paint industries as detailedly described, 
for examples, in Hiroshi Horiguchi, Sousetsu Goset 
Seni (General Explanation of Synthetic Dyes), San- 
kyo Publishing, Japan. 

Examples of colored inorganic pigments are 
chrome yellow, iron oxide pigment, molybdate or- 
ange, cadmium red, Prussian blue, zinc sulfate 
compounds, cadmium sulfide compounds and sili- 
cate compounds. Examples of organic pigments 
are azo dyes such as permanent yellow R, Hansa 
Yellow R, meta-nitroaniline orange, red toner, autol 
orange, pigment orange R, benzidine yellow, vul- 
can fast yellow G, lake red P, pyrazolone red and 
Lithol Red, phthalocyanine pigments such as Cu- 
phthalocyanine, and anthraquinone pigments such 
as indanthrene blue and Helio Fast Blue BL. Exam- 
ples of dyes are safranine, rhodamine, magenta, 
alizarin red, Rhoduline Red B, chrysoidine, ac- 
etamine orange, auramine, quinoline, euchrysine 
yellow, Fast Light Yellow, stilbene yellow, azo yel- 
low, metanil yellow, Victoria Green, anthraquinone 
green, Naphthol Green, methylene blue, diazo blue, 
Naphthol Blue, Fast Blue, Xylene Blue, methyl vio- 
let, Bismarck Brown and chrome brown. 

Known pigments may be added to the light- 
absorbing substance. For instance, one or more 
kinds of metal grains such as cobalt, iron or nickel 
grains, and pigments of metal oxides such as TiC>2, 
BaO, NiO, SD2O3, Cr 2 0 3 , Fe204, Fe 2 0 3 , ZnO, 
CoO, AI2O3, CuO or MnO and composite blends of 
metal oxides thereof can be used. 

The polymer substance, which is a component 
of the binder incorporated into the microcapsules in 
the present invention together with the light-absorb- 
ing substance, is not particularly limited. For in- 
stance, any of polyolefins, olefin copolymers, sty- 
rene resins, styrene-butadiene copolymers, epoxy 
resins, polyesters, rubbers, polyvinyl pyrrolidones, 
polyamides, coumarone-indene copolymers, methyl 
vinyl ethers, maleic anhydride copolymers, 
polyamides, polyurethanes, polyureas, acrylate 
polymers, methacrylate polymers, acrylic acid-long 
chain alkyl methacrylate copolymers, polyvinyl ace- 
tates and polyvinyl chlorides can be employed. 



These polymer substances can be used alone or 
as a mixture of two or more thereof. Of the above- 
mentioned binder polymers, especially preferred 
are acrylate polymers, methacrylate polymers and 

5 styrene-butadiene copolymers. 

As a solvent for the components of the binder, 
an oil-soluble solvent can be used. Such an oil- 
soluble solvent is a high boiling point solvent which 
can dissolve or swell the above-mentioned poly- 

70 mers and which has a boiling point of 150 °C or 
higher. For examples, it includes phthalates (e.g., 
diethyl phthalate, dibutyl phthalate), aliphatic dicar- 
boxylates (e.g., diethyl malonate, dimethyl ox- 
alates), phosphates (e.g., tricresyl phosphate, trix- 

75 ylenyl phosphate), citrates (e.g., O-acetyltri ethyl ci- 
trate, tributyl citrate), benzoates (e.g., butyl ben- 
zoate, hexyl benzoate), fatty acid esters (e.g., hex- 
adecyl myristate, dioctyl adipate), alkylnaph- 
thalenes (e.g., methylnaphthalene, dimethyinaph- 

20 thalene, monoisopropylnaphthalene, diisopropyl- 
naphthalene), alkyldiphenyl ethers (e.g., o-, m-, p- 
methyldiphenyl ethers), amide compounds of high- 
er fatter acids or aromatic sulfonic acids (e.g., N.N- 
dimethyllauroamide, N-butylbenzenesulfonamide), 

25 trimellitates (e.g., trioctyl trimellitate), diarylalkanes 
(e.g., dimethylphenylphenylmethane, 1 -pheny 1-1 - 
methyl-phenylethane, 1-dimethylphenyl-1- 
pheny lethane, 1 -ethylpheny-1 -pheny lethane, 1 - 
isopropylphenyl-2-phenyl-ethane), as well as 

30 chlorinated paraffins having from 8 to 30 carbon 
atoms and having a chlorination degree of from 10 
to 40% by weight. 

If desired, the above-mentioned high boiling 
point solvent may be used in the present invention 

35 together with any other organic solvent which does 
not dissolve or swell the above-mentioned poly- 
mers and which has a boiling point falling within 
the range of from 100 to 250 °C. Examples of such 
a low boiling point solvent are aliphatic saturated 

40 hydrocarbons or mixtures consisting essentially of 
aliphatic saturated hydrocarbons. 

The binder for use within the light-absorbing 
microcapsule is preferably an oily composition con- 
taining three components including one of each of 

45 the above-mentioned polymer, the low boiling point 
solvent and the high boiling point solvent. 

The weight ratio of the binder and the light- 
absorbing substance is preferably within the range 
of from 50: 1 to 1:10, more preferably 20:1 to 1:1. 

50 The wall material of the microcapsules is not 

particularly limited. However, the material prefer- 
ably has a glass-transition point falling within the 
range of from 80 to 150 *C and forms a wall easily 
ruptured when the microcapsules are heated under 

55 pressure, at a temperature within the said glass- 
transition point range and is a substance compati- 
ble with the image-forming method of the invention. 
For instance, polyureas, polyurethanes, polyamides 
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polyesters and epoxy resins are suitable. 

Methods of preparing these microcapsules are 
described e.g., in US-A-2,800,458 and 3,111,407, 
and JP-B-3819574, 42-771 and 36-9168. ( M JP-B n 
denotes an examined Japanese patent publica- 
tion.) 

A method of preparing microcapsules is known, 
in which a microcapsule wall made of a polyurea is 
formed around a core substance which contains a 
light-absorbing substance and a binder and which 
is dispersed in the form of oily drops. Such a 
known method can be utilized for preparing the 
microcapsules in the present invention. 

As preferred examples, an interfacial polymer- 
ization method, internal polymerization method and 
external polymerization method are representative. 

It is known that capsule walls of polyureas may 
easily be formed by interfacial polymerization reac- 
tion of a polyisocyanate such as diisocyanate, 
triisocyanate, tetraisocyanate or polyisocyanate 
prepolymer and a polyamine such as a diamine, 
triamine or tetramine, or a prepolymer containing 
two or more amino groups, or piperazine or a 
derivative thereof, together with a polyol in an 
aqueous solvent, whereupon polyurea microcaps- 
ule walls easily may be formed. 

On the other hand, composite capsule walls 
made of polyureas, polyurethanes and polyamides 
can be formed by the following methods. 

For example, polyurea/polyamide composite 
walls, or polyurethane/polyamide composite walls, 
can be prepared by an interfacial polymerization 
method in which a polyisocyanate and an acid 
chloride as well as a polyamine and a polyol are 
used and polymerized whereupon the pH value of 
the emulsion medium of the reaction liquid is ad- 
justed, and, thereafter, the reaction system is heat- 
ed for polymerization. Polyurea/polyamide compos- 
ite walls can be prepared by a polymerization 
method in which a polyisocyanate an acid chloride 
and a polyamine are used and polymerized where- 
upon the pH value of the emulsion medium of the 
reaction liquid is controlled and thereafter the reac- 
tion system is heated for polymerization. The de- 
tails of the method of preparing such 
polyurea/polyamide composite walls are described, 
for example, in JP-A-58-66948. 

The walls of the microcapsules in the present 
invention can contain, if desired, a charge-adjusting 
agent such as metal-containing dyes or nigrosines 
as well as other known additives. Such additives 
may be incorporated into the microcapsule walls 
during formation of the walls or thereafter. 

Additionally, the surfaces of the capsule walls 
may be graft-polymerized with vinyl monomers or 
the like monomers, if desired, for the purpose of 
adjusting the charging property of the surfaces. 
Alternatively, polymers of such monomers may 



also be attached to the surfaces of the capsule 
walls for the same purpose. 

For coating the microcapsules formed as men- 
tioned above on a support, any known aqueous 
5 coating system or organic solvent coating system 
method can be employed as described, for exam- 
ple, in U.S. Patents 2,681,294, 2,761,791, 
3,508,947, 2,941,898 and 3,526,528, and U. 
Harasaki, Coating Engineering , published by As- 

w akura Shoten (1973). For example, the following 
compounds may be used with the microcapsules 
for the purpose of stably and uniformly coating the 
light-absorbing layer and of enhancing the strength 
of the coated film, namely, methyl cellulose, car- 

75 boxymethyl cellulose, hydroxyethyl cellulose, 
starches, gelatin, polyvinyl alcohol, carboxy-modi- 
fied polyvinyl alcohol, poly aery lam ide, polystyrene 
and copolymers thereof, polyesters and 
copolymers thereof, polyethylene and copolymers 

20 thereof, epoxy resins, acrylate and 
methacry late/resins and copolymers thereof, sili- 
cone resins, polypropylene and copolymers there- 
of, polyurethane resins and polyamide resins. The 
weight ratio of the above-mentioned additional 

25 compound to the carbon black may be from 0.01/1 
to 10/1. Additionally, known surfactants may also 
be employed, if desired, for the purpose of stably 
blending the microcapsules and the above-men- 
tioned coat film-constituting agents. Examples of 

30 surfactants usable for this purpose include anionic 
surfactants such as alkali metal salts of sulfosuc- 
cinic acid or alkali metal salts of polystryrenesul- 
fonic acid; non ionic surfactants, surfactants such as 
polyoxyethylene alkylethers; and cationic surfac- 

35 tants such as long chain alkyltrimethylammonium 
salts. 

In the recording material it is preferred that the 
light-absorbing layer is coated so as to have the 
light-absorbing substance in a coverage of from 0.1 

ao to 10 g/m 2 . 

A transparent synthetic polymer film is prefer- 
ably used as the image-receiving layer. Examples 
of the film include polyester films such as polyeth- 
ylene terephthalate film or polybutylene tereph- 

45 thalate film; cellulose derivative films such as cel- 
lulose triacetate film; polyolefin films such as poly- 
styrene film, polypropylene film or polyethylene 
film; as well as polyimide films, polyvinyl chloride 
films, polyvinylidene chloride films, polyacrylic 

50 films, and polycarbonate films. These may be used 
singly or as laminates composed of two or more 
thereof. The transparent synthetic polymer film for 
use in the present invention is preferably one which 
has a high transparency and does not absorb the 

55 laser beam irradiated thereon and which does not 
deform by heat due to laser irradiation and has a 
high dimentional stability. The thickness of the film 
is preferably from 10 urn (microns) to 200 urn 
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(microns). 

The laser beam which is employed in the 
present invention may be a type having a 
wavelength range falling within the visible light re- 
gion, near-infrared region or infrared region. Exam- 
ples thereof include a helium-neon laser, an argon 
laser, a carbon dioxide gas laser, a YAG laser and 
a semiconductor laser. 

In the method of the present invention of irra- 
diating a light-absorbing layer with a laser beam, a 
latent image is formed in accordance with the 
irradiated target site pattern and amount. The irra- 
diated latent image is differentiated from the non- 
irradiated region, since the heat generated by the 
laser irradiation is imparted to the capsule walls 
and the capsule walls are thereby heated to a 
temperature higher than the glass-transition point 
thereof and become more easily broken or fran- 
gible under pressure. 

The thus formed latent image is then trans- 
ferred to a paper or synthetic polymer support 
under pressure to form a visible image of light- 
absorbent and binder thereon. Preferably this pres- 
sure is imparted to the light-absorbing sheet imme- 
diately after the laser irradiation (generally, within 
several seconds or less after irradiation treatment). 

The pressure necessary for transferring the 
image is from 49 to 490 x 10 s Pa (50 to 500 
kg/cm 2 ), preferably from 98 to 294 x 10 5 Pa (100 to 
300 kg/cm 2 ). It is preferred that heating is effected 
simultaneously with application of pressure to the 
sheet. The heating temperature is, although varied 
in accordance with the material of the microcapsule 
walls, preferably a temperature lower than the 
glass-transition temperature of the wall material 
polymer by about 10 to 50" C. 

In the most preferred embodiment of the im- 
age-forming method of the present invention, pres- 
sure rollers which have previously been heated to a 
temperature lower than the glass-transition tem- 
perature (Tg) of the microcapsule wall material 
polymer by 10 to 50 °C are used and the light- 
absorbing layer of the light-absorbing sheet (re- 
cording material) is tightly attached to the image- 
receiving sheet made of a transparent synthetic 
polymer film under pressure of from 98 to 294 x 
10 5 Pa (100 to 300 kg/cm 2 ) with the rollers, where- 
upon a laser beam is irradiated upon the attached 
sheets through the image-receiving layer so that 
the laser beam is focused at the interface between 
the light-absorbing layer and the image-receiving 
film, and thereafter the image-receiving sheet is 
peeled off from the light-absorbing sheet to obtain 
a recorded image. Thereby a negative image is 
formed on the image-receiving sheet while a posi- 
tive image is formed on the light-absorbing sheet. 
Accordingly, both sheets may be so planned that 
both images as formed on the two sheets may be 



utilized, if desired. In this embodiment, not only is 
the transference efficiency under pressure elevated 
but also the irradiation energy may be economized 
since the temperature of the light-absorbing layer 
5 is to be already raised prior to laser irradiation. 

The following example illustrates the present 
invention in more detail. The percentages are by 
weight. 

70 EXAMPLE 

40 g of a solution prepared by blending 1- 
isopropylphenyl-2-phenylethane containing 50% of 
polyisobutyl methacrylate (trade name: Acryl Base 

75 MM-2002-2, product by Fujikura Chemical Co.) and 
Isopar-H (aliphatic saturated hydrocarbon mixture, 
product of Exxon Co.)in a weight ratio of 6/5, and 3 
g of an acidic carbon black (trade name: RAVEN 
5000, pH 2.8: product of Colombian Carbon Japan 

20 Co.) were kneaded and dispersed in an automatic 
mortar to prepare a dispersion. 

Separately, a solution of 20 g of an adduct 
comprising 3 mols of xylene diisocyanate and one 
mol of trimethylolpropane (trade name: Takenate 

25 D110-N: Product by Takeda Chemical Industry Co.) 
dissolved in 20 g of ethyl acetate was prepared. 
The solution was then blended with the above- 
mentioned dispersion to give an oily phase. Prep- 
aration of the oily phase liquid blend (blend of core 

30 substance and capsule wall material) was effected 
with adjusting the temperature of the liquid to be 
25 * C or lower. 

0.2 g of diethylene triamine was added to 200 
g of an aqueous 4% solution of methyl cellulose 

35 (methoxy group substitution degree: 1 .8; mean mo- 
lecular weight: 15,000) to prepare an aqueous me- 
dium, which was then cooled to 15*C. 

The above-mentioned oily phase liquid blend 
was emulsified and dispersed into the aqueous 

40 medium to obtain an oil-in-water emulsion where 
the oil drops had a mean grain size of about 12 um 
(microns). 

About 1 0 minutes after preparation of the emul- 
sion, 50 g of an aqueous 2.5% solution of 
45 diethylene triamine was gradually and dropwise 
added to the emulsion, which was then stirred in a 
thermostatic bath at 60 • C for 3 hours to complete 
encapsulation. 

The thus prepared capsules-containing liquid 
50 was coated on a 75 um (micron) thick polyethylene 
terephthalate film at a solid amount of 1.0 g/m 2 , 
which was then dried at 50 *C for 30 minutes to 
obtain a light-absorbing sheet. 

The light-absorbing sheet was wound around a 
55 heat-roller and heated at 80 'C while being irradi- 
ated with a one-msec laser beam (a helium-neon 
laser) with an energy of 0.1 J/cm 2 . Next (after 0.3 
seconds), an image-receiving sheet of 75 um (mi- 
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cron) thick polyethylene terephthalate film was 
lapped over the light-absorbing sheet around the 
heat-roller and a pressure of 147 x 10 s Pa (150 
kg/cm 2 ) was imparted to the thus lapped sheets. 
After peeling the image-receiving sheet from the 
light absorbing sheet, a black transferred image 
was obtained on the receiving sheet. 

15 minutes after the image-transference under 
pressure, the transferred image was rubbed with 
the fingers, which resulted in no change in the 
integrity of the tranferred image. 

In the same manner, a transferred image was 
also obtained by irradiation with a 0.5-msec laser. 
The density of the obtained transferred image por- 
tion of each sample was measured with a Macbeth 
Densitometer to be 1 .23 to 0.45, respectively. 

Claims 

1. A method of forming an image comprising: 
irradiating a heat-sensitive recording material 
with a laser beam, wherein said heat-sensitive 
recording material includes a support having 
provided thereon a light-absorbing layer con- 
taining microcapsules which encapsulate a 
core substance containing at least a light-ab- 
sorbing substance and a binder capable of 
fixing the light-absorbing substance on an im- 
age receiving film, so that the irradiated micro- 
capsules are selectively heated by the laser to 
above their glass transition point and are ren- 
dered more easily broken under pressure; and 
transferring a latent image thus formed on the 
light-absorbing layer, in accordance with a pat- 
tern and amount of laser beam irradiation, to 
the image-receiving film under pressure there- 
by to obtain on said image-receiving film a 
visible image formed of or by the light-absorb- 
ing substance and the binder. 

2. A method as claimed in Claim 1, wherein the 
light-absorbing layer is irradiated while said 
light-absorbing layer is attached to said image- 
receiving film. 

3. A method as claimed in Claim 1 or 2, wherein 
the light-absorbing substance is carbon black. 



ed at a coverage of 0.1 to 10 g/m 2 . 

7. A method as claimed in any preceding claim, 
wherein said support for the light-absorbing 

5 layer is comprised of paper, a synthetic poly- 

mer or a laminate thereof. 

8. A method as claimed in any preceding claim, 
in which the image-receiving film is a transpar- 

10 ent synthetic polymer film and the light-ab- 

sorbing layer is irradiated through the direction 
of the image-receiving film. 

9. A method as claimed in any preceding claim, 
75 wherein said binder is an oily composition 

comprising a polymer, a low boiling point sol- 
vent incapable of dissolving or swelling binder 
polymers and a high boiling point solvent ca- 
pable of dissolving or swelling binder poly- 
20 mers. 

10. A method as claimed in Claim 9, wherein said 
binder contains a polymer selected from 
polyolefins, olefin copolymers, styrene resins, 

25 styrene-butadiene copolymers, epoxy resins, 

polyesters, polyvinyl pyrrolidones, polyamides, 
coumarone-indene copolymers, methyl vinyl 
ethers, maleic anhydride copolymers, 
polyamides, polyurethanes, polyureas, acrylate 

30 polymers, methacrylate polymers, acrylic acid- 

long chain alkyl methacrylate copolymers, 
polyvinyl acetates and polyvinyl chlorides. 

11. A method as claimed in any preceding claim, 
35 in which the wall materials of the microcaps- 
ules is a polyurea, polyurethane, polyamide, 
polyester or epoxy resin, and it has a glass 
transition point in the range of from 80 to 
150*C and is rupturable under pressure when 

ao heated at a temperature falling within said 

glass-transition temperature range. 

12. A method as claimed in any preceding claim, 
wherein said laser beam is generated from a 

45 laser source selected from a helium-neon la- 

ser, an argon laser, a carbon dioxide laser, a 
YAG laser and a semiconductor laser. 



4. A method as claimed in Claim 3, wherein said 
carbon black has a mean grain size of from 
10~ 7 m (100 millimicrons) or less. 

5. A method as claimed in Claim 3, wherein said 
carbon black is selected from furnace black, 
channel black and thermal black. 

6. A method as claimed in any preceding claim, 
wherein said light-absorbing substance is coat- 



13. A method as claimed in any preceding claim, 
50 wherein said latent image transferring pressure 

is from 49 to 490 x 10 5 Pa (50 to 500 Kg/cm 2 ). 

14. A method as claimed in any preceding claim, 
wherein pressure rollers are used which were 

55 previously heated to a temperature lower by 

10 to 50 *C than the glass-transition tempera- 
ture of the microcapsule wall material polymer, 
and the light-absorbing layer is pre-attached to 
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the image-receiving film made of a transparent 
synthetic polymer film under a pressure of 
from 100 to 300 kg/cm 2 with said rollers, 
whereafter a laser beam is irradiated upon the 
attached sheets through the image-receiving 
layer in a manner such that the laser beam is 
focused at the interface between the light-ab- 
sorbing layer and the image-receiving film, and 
thereafter the image-receiving sheet is peeled 
off from the light-absorbing sheet to obtain a 
recorded image. 

Patentanspruche 

1. Verfahren zur Erzeugung eines Bildes, umfas- 
send: Bestrahlen eines warmeempfindlichen 
Aufzeichnungsmaterials mit einem Laserstrahl, 
wobei das warmeempfindiiche Aufzeichnungs- 
material einen Trager einschlieBt mit einer dar- 
auf angeordneten lichtabsorbierenden Schicht, 
enthaltend Mikrokapseln, welche eine Kernsub- 
stanz einkapseln, die wenigstens eine lichtab- 
sorbierende Substanz und ein zum Fixieren 
der lichtabsorbierenden Substanz fahiges Bin- 
demittel auf einem bildempfangenden Film 
enthalt, so daB die bestrahlten Mikrokapseln 
selektiv durch den Laser uber ihren Glasuber- 
gangspunkt erhitzt werden und leichter unter 
Druck brechen konnen; und Ubertragen eines 
so auf der lichtabsorbierenden Schicht erzeug- 
ten latenten Bildes in Einklang mit einem Mu- 
ster und einer Menge der Bestrahlung mit La- 
serstrahl, auf dem bildempfangenden Film un- 
ter Druck, um dabei auf dem bildempfangen- 
den Film ein sichtbares Bild zu erhalten, das 
durch oder von der lichtabsorbierenden Sub- 
stanz und dem Bindemittel erzeugt wird. 

2. Verfahren nach Anspruch 1, worin die lichtab- 
sorbierende Schicht bestrahlt wird wahrend die 
lichtabsorbierende Schicht auf dem bildemp- 
fangenden Film angebracht ist. 

3. Verfahren nach Anspruch 1 oder 2, worin die 
lichtabsorbierende Substanz RuB ist. 

4. Verfahren nach Anspruch 3, worin der RuB 
eine mittlere KorngroBe von 10~ 7 m (100 Milli- 
mikron) oder weniger besitzt. 

5. Verfahren nach Anspruch 3, worin der RuB 
ausgewahlt ist aus OfenruB, GasruB und ther- 
mischem RuB. 

6. Verfahren nach einem der vorhergehenden An- 
sprUche, worin die lichtabsorbierende Substanz 
mit einem Auftrag von 0,1 bis 10 g/m 2 be- 
schichtet ist. 



7. Verfahren nach einem der vorhergehenden An- 
spruche, worin der Trager fur die lichtabsorbie- 
rende Schicht aus Papier, synthetischem Poly- 
mer oder einem Lam in at davon besteht. 

5 

8. Verfahren nach einem der vorhergehenden An- 
spriiche, worin der bildempfangende Film ein 
transparenter synthetischer Polymerfilm ist und 
die lichtabsorbierende Schicht durch den bild- 

10 empfangenden Film hindurch bestrahlt wird. 

9. Verfahren nach einem der vorhergehenden An- 
spruche, worin das Bindemittel eine olige Zu- 
sammensetzung ist, umfassend ein Polymer, 

75 ein Losungsmittel mit niedrigem Siedepunkt, 

welches nicht fahig ist zum Losen Oder 
Schwellen von Bindemittel-Polymeren, und ein 
Losungsmittel mit hohem Siedepunkt, welches 
fahig ist zum Losen oder Schwellen von Bin- 

20 demittel-Polymeren. 

10. Verfahren nach Anspruch 9, worin das Binde- 
mittel ein Polymer enthalt, ausgewahlt aus Po- 
lyolefinen, Olefin-Copolymeren, Styrolharzen, 

25 Styrolbutadien-Copolymeren, Epoxyharzen, 

Polyestern, Polyvinylpyrrolidones Polyamiden, 
Cumaroninden-Copolymeren, Methylvinyle- 
thern, Maleinsaureanhydrid-Copolymeren, Po- 
lyamiden , Poly urethanen , Poly harnstoff en , 

30 Aery lat- Poly meren, Methacrylat-Polymeren, 

langekettigen Acrylsaure-Alkylmethacrylat-Co- 
polymeren, Polyvinylacetaten und Polyvinyl- 
chloriden. 

35 11. Verfahren nach einem der vorhergehenden An- 
spruche, wobei das Wandmaterial der Mikro- 
kapseln Polyharnstoff, Polyurethan, Polyamid, 
Polyester oder Epoxyharz ist und einen Glas- 
ubergangspunkt im Bereich von 80 bis 150°C 

40 besitzt und unter Druck zerbrechbar ist, falls es 

auf eine Temperatur erhitzt wird innerhalb der 
Glasubergangstemperaturbereich. 

12. Verfahren nach einem der vorhergehenden An- 
45 spruche, worin der Laserstrahl von einer Laser- 

quelle erzeugt wird, ausgewahlt aus einem He- 
lium-Neon-Laser, einem Argon-Laser, einem 
Kohlendioxid-Laser, einem YAG-Laser und ei- 
nem Halbleiter-Laser. 

50 

13. Verfahren nach einem der vorhergehenden An- 
spruche, worin der Obertragungsdruck fiir das 
latente Bild 49 bis 490 x 10 5 Pa (50 bis 500 
kg/cm 2 ) betragt. 

55 

14. Verfahren nach einem der vorhergehenden An- 
spruche, worin Druckwalzen verwendet wer- 
den, welche zuvor auf eine Temperatur von 10 
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bis 50 °C weniger als die Glasubergangstem- 
peratur des Wandmaterial-Polymeren fur die 
Mikrokapseln erhitzt wird und die lichtabsorbie- 
rende Schicht zuvor angebracht ist auf den 
bildempfangenden Film, der hergestellt ist aus 5 
einem transparenten synthetischen Polymer- 
film unter einem Druck von 100 bis 300 kg/cm 2 
mit den Walzen, wonach ein Laserstrahl auf 
die angebrachten Blatter durch die bildempfan- 
gende Schicht auf eine Weise gerichtet wird, w 
dafl der Laserstrahl an der Grenzflache zwi- 
schen der lichtabsorbierenden Schicht und 
dem bildempfangenden Film fokussiert wird 
und anschlieBend das bildempfangende Blatt 
von dem lichtabsorbierenden Blatt zum Erhalt 75 
eines aufgezeichneten Bildes abgeschalt wird. 

Revendfcations 

1. Procede de formation d'une image com pre- 20 
nant: P irradiation d'un materiau d'enregistre- 
ment thermosensible avec un rayon laser, 
dans lequel ledit materiau d'enregistrement 
thermosensible comporte un support sur lequel 

est prevue une couche absorbant la lumiere 25 
contenant des microcapsules qui enrobent une 
substance centrale contenant au moins une 
substance absorbant la lumiere et un liant ca- 
pable de fixer la substance absorbant la lumie- 
re sur une pellicule recevant Pimage, de telle 30 
sorte que les microcapsules irradiees sont se- 
lectivement chauffees par le laser au-dessus 
de leur point de transition vitreuse et se brisent 
plus facilement sous pression; et le transfert 
d'une image latente ainsi formee sur la couche 35 
absorbant la lumiere, conformement a un mo- 
dele et a la quantite d'irradiation par le rayon 
laser, a la pellicule recevant Pimage sous pres- 
sion, pour obtenir ainsi sur ladite pellicule re- 
cevant Pimage une image visible formee de ou 40 
par la substance absorbant la lumiere et le 
liant. 

2. Procede selon Revendication 1 dans lequel la 
couche absorbant la lumiere est irradiee pen- 45 
dant que ladite couche absorbant la lumiere 

est fixee a ladite pellicule recevant Pimage. 

3. Procede selon Revendication 1 ou 2 dans le- 
quel ladite substance absorbant la lumiere est 50 
du noir de carbone. 

4. Procede selon Revendication 3 dans lequel 
ledit noir de carbone a une granulomere 
moyenne de 10" 7 m (100 millimicrons) ou 55 
moins. 



5. Procede selon Revendication 3 dans lequel 
ledit noir de carbone est choisi entre le noir au 
four, le noir au tunnel et le noir thermique. 

6. Procede selon Pune quelconque des revendi- 
cations precedentes, dans lequel ladite subs- 
tance absorbant la lumiere est revetue a raison 
de 0,1 a 10 g/m 2 . 

7. Procede selon Pune quelconque des revendi- 
cations precedentes, dans lequel ledit support 
pour la couche absorbant la lumiere est consti- 
tute de papier, d'un polymere synthetique ou 
d'un famine de ces matieres. 

8. Proced§ selon Pune quelconque des revendi- 
cations precedentes, dans lequel la pellicule 
recevant Pimage est une pellicule polymere 
synthetique transparente et la couche absor- 
bant la lumiere est irradiee par la direction de 
la pellicule recevant Pimage. 

9. Procede selon Pune quelconque des revendi- 
cations precedentes dans lequel ledit liant est 
une composition huileuse comprenant un poly- 
mere, un solvant a point d'ebullition bas inca- 
pable de dissoudre ou de faire gonfler les 
polymeres du liant, et un solvant a point 
d'ebullition eleve capable de dissoudre ou de 
faire gonfler les polymeres du liant. 

10. Procede selon Revendication 9, dans lequel 
ledit liant contient un polymere choisi parmi les 
polyolefines, les copolymeres d'olefines, les 
resines de styrene, les copolymeres styrene- 
butadiene, les resines epoxides, les polyesters, 
les pyrrolidones de polyvinyle, les polyamides, 
les copolymeres coumarone-indene, les esters 
de methylevinyle, les copolymeres anhydrides 
maleiques, les polyamides, les polyurethannes, 
les polyurtes, les polymeres d'acrylate, les 
polymeres de methacrylate, les copolymeres 
de methacrylate d'alkyle a chaTne longue 
d'acide acrylique, les acetates de polyvinyle et 
les chlorures de polyvinyle. 

11. Procede selon Pune quelconque des revendi- 
cations precedentes, dans lequel le materiau 
de paroi des microcapsules est une polyuree, 
un polyurethanne, un polyamide, un polyester 
ou une resine epoxyde, et a un point de transi- 
tion vitreuse dans la gamme de 80 a 150*C, 
et peut etre rompu sous pression lorsqu'il est 
chauffe a une temperature comprise dans ladi- 
te gamme de temperatures de transition vitreu- 
se. 
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12. Procede selon Tune quelconque des revendi- 
cations precedentes, dans lequel ledit rayon 
laser est produit par une source laser selec- 
tionnee entre un laser a Phelium-neon, un laser 

a Pargon, un laser a Panhydride carbonique, un 5 
laser YAG et un laser a semi-conducteur. 

13. Procede selon Tune quelconque des revendl- 
catlons precedentes, dans lequel ladlte pres- 

sion de transfert d'image latente est comprise 10 
entre 49 et 490 x 10 5 Pa (50 a 500 kg/cm 2 ). 

14. Procede selon Tune quelconque des revendi- 
cations precedentes, dans lequel sont utiliss 

des galets de pression qui ont ete prealable- 15 
ment chauffes a une temperature inferteure de 
10 a 50 °C a la temperature de transition vi- 
treuse du polymere du materiau de paroi des 
microcapsules, et ou la couche absorbant la 
lumiere est pre-fixee a la pellicule recevant 20 
Timage constituee d'une pellicule de polymere 
synthetique transparent sous une pression de 
100 a 300 kg/cm 2 avec lesdits rouleaux, apres 
quoi les feuilles fixees sont irradiees par un 
rayon laser a travers la couche recevant Tima- 25 
ge d'une maniere telle que le rayon laser est 
concentre sur P interface entre la couche absor- 
bant la lumiere et la pellicule recevant Pimage, 
et apres quoi la feuille recevant Pimage est 
decollee de la feuille absorbant Pimage pour 30 
donner une image enregistree. 
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